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“ The corresponding increased ice sheet mass loss has often 

followed thinning, reduction or loss of ice shelves …” p 7.

“ Dynamical processes… …could increase the vulnerability 

of the ice sheets to warming, increasing future sea level rise. 

Understanding of these processes is limited and 

there is no consensus on their magnitude.” p 17.

IPCC Fourth Assesment Resport

Summary for Policymakers (2007)



Ice shelves connect the ice sheet to the oceans



Ice Shelf Mass Balance



Buttressing effect



Buttressing effect



Mid March 2002 (NASA)

Why?



Ice-shelf/ocean interaction



Ice-shelf/ocean interaction
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Origin of Jade Icebergs



Global ThermoHaline Circulation

AABW (?)

NADW

Rahmstorf (2002)



NADW (Bolus transport)



Jacobs 2004

Estimates of AABW production



Rintoul 2007

AABW is freshening
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Mechanisms of AABW formation: 
Polynyas and HSSW

Cape Darnley



Ice-shelf/ocean interaction



Developing an 
ice shelf/ocean model



Basal ice-ocean boundary



Frazil modelling



Frazil modelling

Nu = Nusselt number
Sh = Sherwood number

Nu and Sh both scale with crystal size
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Scaling Factor



Frazil modelling

w’andp’follow
Jenkins and Bombosch (1995) and
Holland and Feltham (2005)



The Amery Ice Shelf Ocean Model

• Based on the Rutgers version of ROMS: 
Regional Ocean Modeling System (Hernan
Arango)

• Shchepetkin and McWilliams (2005)



The Amery Ice Shelf Ocean Model





Forcing



Tamura (2007)

Polynyas in the region:

A source of AABW (?)



Mechanisms of AABW formation: 
Polynyas and HSSW

Cape Darnley



AABW formation



AABW formation

Observations suggest ~ 1 Sv in the vicinity of the Amery (Meijers et al. 2009)



Seasonal variability



Melt (+ve)/Freeze (m/year) and 
depth averaged currents

Model: 
•Melting: ~50 Gt/year
• Refreezing: ~ 5.3 Gt/year
• Net: ~ 45 Gt/year
• Frazil accretion: ~70 %

Observations:
• Net melt: 55.6 +- 12.6 Gt/year

• Glaciers: 88.9 +-9 Gt/year
Wen et al. (2008)

• Accumulation: 11.3 +-0.7 Gt/year
Arthern et al.(2006)

• Calving: 44.6 +-9.3 Gt/year



Marine Ice Accretion



With and without frazil model
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Amery 
Depression

General summer 

circulation
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Ice pump

(Smith 1984; Wong 1994; 

Hongxia 2005)
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Refreshed AABW: 
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Winter Circulation



Polynyas control circulation
and melt/freeze



20 day composite thermal infrared MODIS images (Fraser et al. 2009)



Sensitivity of AABW to melt water





Response to Climate Change









Enhanced basal melting of ice sheets



Shutdown of AABW at +2oC





Concluding remarks

• Frazil ice enhances marine ice accretion and 
limits supercooling with implications for ice shelf  
mass balance and dense water formation

• Freshwater from melting ice shelves inhibits 
AABW formation by 2.8 times.

• A warming of +1 can potentially remove the 
Amery Ice Shelf in 500 years

• AABW production will shutdown with a 
combined 40 % reduction in polynyas and a 1oC
warming of CDW



Concluding remarks

• With respect to modelling Antarctic coastal 
oceans, subgridscale icebergs influence AABW 
formation and melting of ice shelves.

• Parameterisation in ECCO2?

• Global models (such as ECCO)  without 
dynamic frazil models should at least limit the 
supercooling due to ice-shelf/ocean interaction

• Remove in 1 timestep?

• Regional models can provide fluxes for global 
models














